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A Review of Evidence-Based Traffic Engineering Measures 
Designed to Reduce Pedestrian–Motor Vehicle Crashes

| Richard A. Retting, MS, Susan A. Ferguson, PhD, and Anne T. McCartt, PhDWe provide a brief critical re-
view and assessment of engi-
neering modifications to the
built environment that can re-
duce the risk of pedestrian
injuries. 

In our review, we used the
Transportation Research In-
formation Services database
to conduct a search for stud-
ies on engineering counter-
measures documented in the
scientific literature. We clas-
sified countermeasures into
3 categories—speed control,
separation of pedestrians from
vehicles, and measures that
increase the visibility and con-
spicuity of pedestrians. We de-
termined the measures and
settings with the greatest po-
tential for crash prevention.

Our review, which empha-
sized inclusion of studies with
adequate methodological de-
signs, showed that modifica-
tion of the built environment
can substantially reduce the
risk of pedestrian–vehicle
crashes. (Am J Public Health.
2003;93:1456–1463)

DESPITE DECLINING RATES OF
pedestrian fatalities (most no-
tably declines among children
and older adults), pedestrian
crash injuries remain a serious
public health problem. It is esti-
mated that, each year, 80000 to
120000 pedestrians are injured
and 4600 to 4900 die in motor
vehicle crashes in the United
States.1,2 Pedestrians account for
11% of all motor vehicle deaths,
and in cities with populations ex-
ceeding 1 million, they account
for about 35%.3 Children aged 5
to 9 years have the highest popu-
lation-based injury rate, and peo-
ple older than 80 years have the
highest population-based fatality
rate.1 Pedestrians older than 65
years are more likely than youn-
ger pedestrians to be struck at in-
tersections.3,4 The prevalence of
alcohol use among injured pedes-
trians is well documented.5–7

In terms of constructing a
framework for prevention of
pedestrian injuries, primary ap-
proaches include modification of
the built environment, enforce-
ment of traffic safety laws,
motor vehicle design changes,

and pedestrian education. Modi-
fication of car fronts and other
vehicle features to reduce the
severity of injuries to pedestri-
ans is a focus in Europe, where
approximately 20% of all fatali-
ties among road users involve
pedestrians and cyclists8; how-
ever, this approach has not been
a priority in the United States
despite research showing poten-
tial benefits.9

Pedestrian education is a pop-
ular approach, but with the ex-
ception of children, there is a
lack of evidence regarding the ef-
fectiveness of safety educa-
tion.10–12 Modification of the built
environment is a widely used ap-
proach that can be highly effec-
tive. In this article, we provide a
brief review of engineering modi-
fications to the built environment
that can reduce the risk and
severity of pedestrian injuries.

TRAFFIC ENGINEERING
COUNTERMEASURES

Pedestrians have been largely
ignored or given minimal consid-
eration in the design of much of

the nation’s roadway system.
When the built environment as-
signs low priority to pedestrians, it
can be difficult for vehicles and
pedestrians to share the road
safely. Modifications to the built
environment can reduce the risk
and severity of vehicle–pedestrian
crashes. Engineering modifica-
tions generally can be classified
into 3 broad categories: separa-
tion of pedestrians from vehicles
by time or space, measures that
increase the visibility and con-
spicuity of pedestrians, and reduc-
tions in vehicle speeds. 

Separation countermeasures
reduce the exposure of pedestri-
ans to potential harm both on
the roadside and when they are
crossing streets. Because in many
pedestrian crashes the driver re-
portedly does not see the pedes-
trian before the accident, mea-
sures are needed to increase the
visibility and conspicuity of
pedestrians. Higher vehicle
speeds are strongly associated
with a greater likelihood of
crashes involving pedestrians as
well as more serious pedestrian
injuries.13–15
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We undertook a thorough re-
view of traffic engineering coun-
termeasures documented in the
scientific literature as effective in
reducing the risk of crashes in-
volving pedestrians. The primary
search engine used was the Na-
tional Academy of Sciences’
Transportation Research Infor-
mation Services (TRIS) database.
TRIS is the world’s largest and
most comprehensive biblio-
graphic resource on transporta-
tion information. Keywords were
pedestrians along with injuries,
safety, reduction, countermeasures,
and crosswalks. In terms of study
types, we included before–after,
case–control, and cross-sectional
studies of the effects of speed re-
duction, separation, or visibility
enhancement measures on the
occurrence of pedestrian–vehicle
collisions or conflicts.

Many studies of traffic engi-
neering measures are limited by
methodological flaws such as fail-
ure to account for regression to
the mean associated with treat-
ment of high-crash locations and
reliance on simple before–after
measurements without suitable
controls. To the extent possible,
we included in our review stud-
ies based on adequate scientific
criteria, such as use of compari-
son sites to control for confound-
ing factors. In the case of several
promising countermeasures, only
limited evaluations with some-
what less reliable methodologies
were available. 

A common weakness in many
crash-based before-and-after
evaluations of traffic engineering
countermeasures is failure to ac-
count for regression to the mean,
which can result in overestima-
tion of the effects of an interven-
tion when treatment sites are
selected because they have in-
volved high numbers of crashes.
Selection of comparison sites

with similar characteristics can
partially, but not fully, address
regression to the mean. We in-
cluded in our review several
studies with methodological
weaknesses; in these cases, we
make note of their limitations.

Some researchers conducting
observational road safety studies
evaluate pedestrian–motor vehi-
cle conflicts in lieu of crash data
to evaluate roadway countermea-
sures, in part because crashes are
rare events and because conflict
studies provide information
about potential crash causes.
Conflicts generally are defined as
“near-miss” situations in which a
vehicle had to abruptly brake or
swerve to avoid striking a pedes-
trian or a pedestrian had to take
sudden evasive action to avoid
being struck. The validity of
using conflicts to estimate
crashes was examined by Hauer
and Garder16 and Garder.17

Hauer and Garder formulated
and tested statistical methods to
measure the validity of traffic
conflicts on the basis of empirical
evidence. According to Garder, it
can be shown that a 1-day con-
flict count provides a more accu-
rate estimate of the expected
number of crashes than a 1-year
crash history if the expected
number of crashes is less than 5
per year. In conflict studies and
other short-term before–after
evaluations of road user behav-
ior, regression to the mean asso-
ciated with treatment of high-
crash locations is not a factor.

Managing Vehicle Speeds
Principal engineering measures

designed to reduce vehicle speeds
are summarized in Table 1. In
residential settings with large
numbers of children, speed man-
agement appears to offer the
greatest potential for injury pre-
vention. Pedestrian crashes in-

volving a child most often result
from the child’s error. Slower
speeds give motorists more time
to react and can lessen injuries
when crashes do occur. Slower
speeds are desirable in areas with
pedestrians because many young
children fail to stop before pro-
ceeding from the curb onto the
road24; Kraus et al.25 reported
that 69% of child pedestrian in-
juries occur midblock, when chil-
dren dart into the street. Young
children have difficulty judging
vehicle distance and velocity26

and lack the relevant cognitive
skills required to make valid and
consistent crossing judgments.27

In terms of crash reduction, in-
stallation of modern roundabouts
in place of conventional intersec-
tions was the most effective
speed control intervention identi-
fied. Roundabouts are circular in-
tersections defined by 2 opera-
tional and design principles: yield
at entry, which requires entering
traffic to yield the right of way to
vehicles in the circle, and deflec-
tion of entering traffic, which
causes vehicles to enter at low
speed. European studies indicate
that, on average, converting con-
ventional intersections to round-
abouts can reduce the rate of
pedestrian crashes by about
75%.18,19 Single-lane round-
abouts, in particular, have been
reported to involve substantially
lower pedestrian crash rates than
comparable intersections with
traffic signals.20

Other speed management
measures include traffic calming
and multiway stop sign control.
Traffic calming techniques in-
clude lane narrowing, adjust-
ments in roadway curvature,
pedestrian refuge islands, and
speed humps. Although traffic
calming measures clearly are ef-
fective in reducing traffic speeds
(e.g., see Smith and Appleyard28),

effects on pedestrian–vehicle
crashes are less certain. One
study of “extensive” area-wide
traffic calming measures, involv-
ing a before–after design
without controls, reported that
pedestrian–vehicle crashes de-
creased 25% after implementa-
tion of these measures.21 How-
ever, a recent review of 13
controlled before–after studies
of area-wide traffic calming re-
ported no overall effect on
pedestrian–vehicle crashes.22 An
investigation focusing on multi-
way stop sign control, which pro-
duces low vehicle speeds near
intersections relative to traffic
signal control or conventional
2-way stop signs, showed that
pedestrian collisions decreased
by 25% when multiway stop
signs were installed in place of
traffic signals at low-traffic-
volume urban intersections.23

Separating Pedestrians and
Vehicles

Engineering measures in-
tended to separate pedestrians
and vehicles by time are summa-
rized in Table 2. These interven-
tions have generally been evalu-
ated in terms of their effects on
road user behavior and pedes-
trian–vehicle conflicts rather
than crashes, and their use is
somewhat site dependent. One
study reported that installation of
traffic signals substantially re-
duced conflicts occurring at high-
speed intersections where previ-
ously no signals were present
and pedestrians had difficulty
crossing.30 At intersections with
traffic signals, exclusive traffic
signal phasings—which stop all
vehicle traffic for part or all of
the pedestrian crossing signal—
have been shown to significantly
reduce conflicts.30,31 A compara-
tive analysis of intersections with
and without exclusive pedestrian
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TABLE 1—Studies Evaluating Engineering Measures Designed to Manage Vehicle Speeds

Intervention Study and Country Outcome Measures Study Design Results

Modern roundabouts Brilon et al., Germany18 Pedestrian–vehicle crashes Before-and-after with data on traffic volume before On average, pedestrian crashes 

and after; 25 intersections converted from decreased 75%

traffic signals or stop signs to modern 

roundabouts; no attempt to correct findings 

for possible regression-to-mean effects

Schoon and van Minnen, Pedestrian–vehicle crashes Before-and-after without control; 181 intersections On average, pedestrian–vehicle crashes 

the Netherlands19 converted from traffic signals or stop signs to decreased 73%

modern roundabouts; no attempt to correct 

findings for possible regression-to-mean effects

Brude and Larsson, Sweden20 Pedestrian–vehicle crashes Observed minus expected: empirical data for 72 For single-lane roundabouts, the observed 

roundabouts as compared with expected values number of pedestrian crashes was 

for comparable intersections with signals, 3–4 times lower than predicted for 

controlling for pedestrian volumes and traffic comparable intersections with signals; 

flow; multiple linear regression used to predict for 2-lane roundabouts, pedestrian 

crashes for comparison data crash risk was comparable to 

signalized intersections

Traffic calming Brilon and Blanke, Germany21 Pedestrian–vehicle crashes Before-and-after without control; “extensive” On average, pedestrian–vehicle crashes 

area-wide traffic calming measures decreased 25% after treatment

implemented in 6 towns

Bunn et al., Australia, Germany, Pedestrian–vehicle crashes Systematic review of 13 controlled before–after Pooled rate ratio was 1.00, indicating no 

United Kingdom22 studies of area-wide traffic calming with effect on pedestrian–vehicle crashes

pedestrian–vehicle crash data

Multiway stop-sign Persaud et al. United States23 Pedestrian–vehicle crashes Before-and-after using empirical Bayesian procedure; Pedestrian–vehicle crashes decreased by 

control 199 low-traffic-volume urban intersections approximately 25%

converted from traffic signals to multiway 

stop-sign control

signal phasings reported that the
risk of pedestrian–vehicle
crashes at intersections with ex-
clusive timing was approximately
half that at intersections with
standard pedestrian signals.29

Adequately timed yellow and
all-red clearance signals are nec-
essary at traffic signals to ensure
that drivers have sufficient time
to clear the intersection before
the display of pedestrian walk
signals. One study showed that
combined changes in the dura-
tion of yellow and all-red signal
timing reduced the risk of pedes-
trian and bicycle crashes at inter-
sections by 37% relative to con-
trol sites.32 Automatic pedestrian
detection, which can be used at
traffic signals in lieu of pedes-
trian push buttons to automati-

cally detect pedestrians and dis-
play a walk signal, has been re-
ported to significantly reduce
conflicts.34 This technology also
can extend crossing time to
allow slower pedestrians to fin-
ish crossing. At intersections
with traffic signals and high con-
centrations of elderly pedestri-
ans, a walking speed of 1.0 m/
second is recommended.37

Also, traffic signs and pave-
ment markings that encourage
pedestrians to look for potential
conflicts have been shown to be
effective at intersections with
traffic signals.33 In addition, 2
studies showed that vehicle
speeds and conflicts at uncon-
trolled crossings were reduced by
in-pavement flashing lights that
were automatically activated by

the presence of pedestrians and
were intended to prompt drivers
to yield to pedestrians.35,36

Engineering measures designed
to separate pedestrians and vehi-
cles by space are summarized in
Table 3. Several highly effective
interventions were identified.
Overpasses and underpasses can
substantially reduce conflicts and
associated pedestrian crashes.38

However, the high cost of such fa-
cilities requires that they be in-
stalled on a very limited basis—for
example, at very wide crossings
and at those with high traffic
speeds. Safety effects may be lim-
ited in instances in which pedes-
trians are reluctant to use such
facilities because of security con-
cerns or inconvenient access
points. Sidewalks can reduce the

risk of pedestrian crashes in resi-
dential areas.42

Refuge islands located in the
medians of 2-way streets allow
pedestrians to cross in 2 stages,
simplifying the crossing task. This
is especially helpful for pedestri-
ans who walk at slower speeds.
Refuge islands decrease con-
flicts,30 and there are signifi-
cantly lower pedestrian crash
rates on multilane roads with
raised medians than on those
without such medians.43 Curb ex-
tensions (extension of the side-
walk toward the roadway in the
vicinity of the crosswalk, about
the width of a parked vehicle)
also can be used to reduce cross-
ing distance. 

Barriers and fences, which are
designed to channel pedestrians
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TABLE 2—Studies Evaluating Engineering Measures Designed to Separate Pedestrians and Vehicles by Time

Intervention Study and Country Outcome Measures Study Design Results

Exclusive pedestrian Zegeer et al., Pedestrian–vehicle crashes

signal phase United States29

Garder, Sweden30 Pedestrian–vehicle conflicts

Early release signal Van Houten et al., Pedestrian–vehicle conflicts; 

timing, also known United States31 pedestrians yielding to 

as leading pedestrian turning vehicles; distance 

interval (LPI) traversed by lead pedestrian

Installation of traffic Garder, Sweden30 Pedestrian–vehicle conflicts

signal

Traffic signal change Retting et al., Pedestrian/bicycle–vehicle 

interval timing United States32 crashes

Pedestrian prompting Retting et al., Pedestrians looking for potential 

devices United States vehicle threats; 

and Canada33 pedestrian–vehicle conflicts

Automatic pedestrian Hughes et al., Pedestrians who began to cross 

detection for display United States34 during the “don’t walk”

of walk signal signal; pedestrian–vehicle 

conflicts

In-pavement flashing lights Hakkert et al., Vehicle speeds; drivers yielding 

to warn drivers when Israel35 to pedestrians; 

pedestrians are vehicle–pedestrian conflicts

present

Prevedouros, Vehicle speeds, percentage of 

United States36 drivers who slowed or 

stopped; percentage of 

drivers not yielding to 

pedestrians in crosswalk

Comparative analysis approach including analysis

of variance and covariance using data from

1297 intersections with signals in 15 cities;

control for number of lanes, type of traffic

signal, signal timing, speed limits, traffic

volume, pedestrian exposure, and other

variables

Before-and-after without controls; 3 urban

intersections

Multiple-baseline design; 3 urban intersections

Multiple linear regression model using data from

115 urban intersections; variables included

type of traffic control, street width, existence of

refuge island, traffic speeds, and exposure

Randomized before-and-after with controls; 40

experimental urban intersections and 51

controls

Multiple-baseline design; 3 urban intersections

Before-and-after without controls; 4 urban

intersections (conflicts were not studied at 1

site owing to visual limitations)

Before-and-after without controls; 4 urban

uncontrolled pedestrian crossings

Before-and-after without controls; 1 urban

uncontrolled pedestrian crossing

Risk of pedestrian–vehicle crashes for intersections

with exclusive timing was approximately half

that of intersections with standard pedestrian

signals

At one intersection in a small town, conflicts

decreased 24%; in Stockholm, at one

intersection conflicts decreased 10% but did

not significantly decline at a second

intersection

For pedestrians leaving the curb during the begin

walk period, odds of conflict with turning

vehicles were reduced by 95%; odds of

pedestrians yielding to turning vehicles were

reduced by 60%; mean distance traversed by

the lead pedestrian during the LPI was 8.5 ft

Installation of traffic signal at a high-speed (mean

speed > 30 km/h) intersection reduced the risk

of pedestrian–vehicle conflicts by roughly half

During 3 years after study period, there was a 37%

reduction in pedestrian and bicycle crashes

relative to controls

One year after treatment, percentage of pedestrians

looking for potential vehicle threats doubled at

2 sites and tripled at 1 site; pedestrian–vehicle

conflicts per 100 pedestrians declined at all 3

sites, from approximately 2.8 to < 1

At 4 sites, reductions in the percentage of

pedestrians who began to cross during the

“don’t walk” signal ranged from 52% to 88%; at

3 sites, reductions in the percentage of

pedestrian–vehicle conflicts ranged from 40%

to 90%

Although changes were not uniform, overall effects

were positive; vehicle speeds near crosswalks

decreased slightly at 2 sites (2–5 kph); at 3

sites, the rate of drivers yielding to pedestrians

doubled; across all sites, rate of conflicts

decreased to less than 1% from 1% to 17%

Average vehicle speeds declined 25% when

in-pavement lights were activated; percentage

of drivers who slowed or stopped for

pedestrians increased from 30% to 62%;

percentage of drivers not yielding to

pedestrians declined from 31% to 8%
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TABLE 3—Studies Evaluating Engineering Measures Designed to Separate Pedestrians and Vehicles by Space

Intervention Study and Country Outcome Measures Study Design Results

Pedestrian overpasses Japan Road Association, Pedestrian–vehicle crashes

Japan38

Advance stop lines Berger, United States39 Distance of stopped vehicles 

from crosswalk

Retting and Van Houten, Driver compliance with stop 

United States40 lines; percentage of drivers 

stopping at least 4 ft back 

from crosswalks; drivers 

stopping in crosswalks

Pedestrian barriers Berger, United States39 Pedestrians crossing midblock

and fences

Stewart, England41 Pedestrian–vehicle crashes

Sidewalks Knoblauch et al., Pedestrian–vehicle crashes

United States42

Refuge islands Garder, Sweden30 Pedestrian–vehicle conflicts

Zegeer et al., Pedestrian–vehicle crashes

United States43

Before-and-after without control; 31 pedestrian

overpasses in urban areas; data limited to 6

months before and 6 months after

intervention; no attempt to correct findings for

possible regression-to-mean effects

Before-and-after with control; stop lines were

relocated 12 ft back from the standard 3–4-ft

distance at 2 urban intersections with signals

Before-and-after without control; stop lines were

relocated 20 ft back from the standard 4-ft

distance at 4 urban intersections with signals

Before-and-after with control; 2 urban arterial

streets with high traffic volumes in close

proximity to elementary schools

Before-and-after without control; unknown number

of locations; no attempt to correct findings for

possible regression-to-mean effects

Cross-sectional study of urban streets with and

without sidewalks; data from 495 locations in

5 cities (16 hours of exposure data collected

at each site); variables included land use,

pedestrian–vehicle crashes, and exposure

measures

Multiple linear regression; data from 115 urban

intersections; variables included type of traffic

control, street width, existence of refuge

island, and exposure

Cross-sectional study: Poisson and negative binomial

regression models fitted to crash data at 1000

marked crosswalk sites and 1000 matched

unmarked comparison sites; controlled for

traffic volume, pedestrian exposure, number of

lanes, type of median, and other variables

Number of pedestrian–vehicle crashes decreased

91% within 100 m of the structures and 85%

within 200 m; crashes unrelated to pedestrians

crossing the road increased 14% within 100 m

of the structures and 23% within 200 m

Distance of stopped vehicles from the crosswalks

increased by approximately 6 ft at one site

and 7 ft at the other site (percentage change

could not be readily computed from available

documentation)

Overall, approximately 57% of drivers complied with

advance stop lines; percentage of drivers who

stopped at least 4 ft back from the crosswalks

increased from 74% to 92%; percentage of

drivers who stopped within crosswalks during

any portion of the “walk” and pedestrian

clearance phases declined from 25% to 7%

In both cities, significant decreases were observed in

number of pedestrians crossing midblock and

entering roadway in front of parked vehicles

(percentage change could not be readily

computed from available documentation)

Ordinary fences, which obscure the driver’s view of

pedestrians, were associated with 20%

reduction in pedestrian crashes, whereas

fences that obstructed the motorist’s view to a

lesser extent led to a 48% crash reduction;

children (because of their short stature)

especially benefited from fences that

obstructed motorist’s view to a lesser extent

In residential and mixed residential areas,

pedestrian crashes were more than 2 times as

likely to occur at locations without sidewalks

than would be expected on the basis of

exposure; residential areas with no sidewalks

had 23% of all pedestrian–vehicle crashes and

only 3% of exposures; commercial areas with

no sidewalks were only slightly more hazardous

than commercial areas with sidewalks

Risk of pedestrian–vehicle conflicts decreased by

roughly two thirds

On roads with > 2 lanes and > 15 000 vehicles per

day, pedestrian crash rate (per million

crossings) at marked crossings with raised

medians was approximately half that of

locations without raised medians; crash rate

at unmarked crossings with raised medians

was approximately 60% that of unmarked

crossings without raised medians



September 2003, Vol 93, No. 9 | American Journal of Public Health Retting et al. | Peer Reviewed | Reviewing the Evidence | 1461

 REVIEWING THE EVIDENCE 

TABLE 4—Studies Evaluating Engineering Measures Designed to Increase Visibility and Conspicuity of Pedestrians

Intervention Study and Country Outcome Measures Study Design Results

Increased intensity of Pegrum, Australia44 Nighttime pedestrian–vehicle 

roadway lighting crashes

Increased intensity of roadway Polus and Katz, Nighttime pedestrian–vehicle 

lighting and installation Israel45 crashes

of internally illuminated 

warning signs

Bus stop relocation Berger, United States39 Pedestrians entering roadway 

in front of stopped bus

Diagonal parking Berger, United States39 Pedestrians entering roadway 

in front of parked vehicle; 

pedestrians who scanned 

for traffic before entering 

roadway

Crosswalk markings Zegeer et al., United Pedestrian–vehicle crashes

States43

Koepsell et al., Pedestrian–vehicle crashes

United States46

Before-and-after at 57 urban crosswalks; daytime

crashes were used as controls for nighttime

crashes; 2 years before and after; no attempt

to correct findings for possible regression-to-

mean effects

Before-and-after with control; 99 urban

crosswalks; 39 control sites; daytime crashes

also used as controls; 2.5 years before and

after; no attempt to correct findings for

possible regression-to-mean effects

Before-and-after with control; 1 bus stop was

relocated from the near side to the far side of

a traffic-signal-controlled intersection on a

2-way 5-lane urban arterial (the intervention

was tested in a second city but with very

small samples)

Before-and-after without control; diagonal parking

replaced parallel parking on a 34-ft-wide

1-way, 2-lane urban street (the intervention

was tested in a second city but with very

small samples)

Cross-sectional study: treatment and matched

comparison; regression models fitted to crash

data at 1000 marked crosswalk sites and

1000 matched unmarked comparison sites

Case–control study of crashes involving older

pedestrians (> 65 years) in 6 cities; 282 case

sites and 564 control sites; adjusted for

pedestrian flow, traffic volume, crossing

length, and signalization

Number of nighttime pedestrian crashes

decreased 59%; daytime pedestrian

crashes and vehicle-only crashes remained

relatively unchanged

Number of nighttime pedestrian crashes at the

experimental sites decreased 57%, and

there was a nonsignificant 21% decrease in

daytime pedestrian crashes; at the

comparison sites, there was a

nonsignificant 60% increase in nighttime

pedestrian crashes

Significant decrease was observed in

percentage of pedestrians entering

roadway in front of a stopped bus

(percentage change could not be readily

computed from available documentation)

Number of pedestrians entering roadway in front

of a parked vehicle significantly decreased,

and percentage of pedestrians who

scanned for traffic before entering the

roadway significantly increased; vehicle

speeds significantly decreased by 5 mph

(percentage change could not be readily

computed from available documentation)

On 2-lane roads, marked crosswalk was

associated with no difference in pedestrian

crash rate; on wider roads with traffic

volumes > 12 000 vehicles per day, marked

crosswalks were associated with higher

pedestrian crash rates

Crash risk was 2.1 times greater at sites with a

marked crosswalk; almost all of the excess

risk was due to 3.6-fold higher risk

associated with marked crosswalks at sites

with no traffic signal or stop sign

to safe crossing areas and pre-
vent them from running into
traffic, have been found to re-
duce midblock crossings39 and
substantially decrease crash
rates.41 An inexpensive interven-
tion at signal-controlled intersec-
tions involves repositioning of
stop lines further back from
crosswalks. This results in driv-
ers stopping further back from

crosswalks, thus increasing the
separation between pedestrians
and vehicles.39,40

Increasing Pedestrian
Visibility

Engineering measures de-
signed to increase the visibility
and conspicuity of pedestrians
are summarized in Table 4. In-
creased intensity of roadway

lighting can increase pedestrians’
visibility at night, when more
than half of all fatal pedestrian
crashes occur.1 Increased inten-
sity of roadway lighting at pedes-
trian crossings has been associ-
ated with significant reductions
in nighttime pedestrian
crashes.44,45

Because parked vehicles ob-
scure the vision of pedestrians

and drivers, parking restrictions
can be effective. In a case–
control study of child pedestrian
injuries, the number of parked
vehicles was the strongest risk
factor on residential streets.47

Examples of parking restrictions
include removal of on-street
parking and implementation of
diagonal parking, which re-
quires that vehicles park at an
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angle to the curb (typically
about 30 degrees) in the direc-
tion of traffic flow. Diagonal
parking directs pedestrians into
the roadway at such an angle
that looking in the direction of
traffic is universal. Diagonal
parking as a replacement for
parallel parking has been shown
to reduce the number of pedes-
trians entering the roadway in
front of a parked vehicle.39

In addition, relocating bus
stops from the near side to the
far side of intersections can
increase the visibility and con-
spicuity of pedestrians by de-
creasing the number of pedes-
trians who enter the roadway
in front of a stopped bus. It has
been shown that bus stop relo-
cation significantly decreases
the percentage of pedestrians
who enter the roadway in front
of a stopped bus at signal-
controlled intersections.39

Crosswalk pavement markings
are widely used with the intent
of reducing pedestrian crashes,
but research indicates that
they are largely ineffective
and, in some settings, may be
harmful.43,46

DISCUSSION

Pedestrian crashes are com-
plex events that vary widely in
terms of the age of the pedestri-
ans involved and associated
crash circumstances. According
to our review of available stud-
ies, emphasizing those with ade-
quate methodological designs,
modification of the built environ-
ment can substantially reduce
the risk of pedestrian–vehicle
crashes. Given the scarcity of re-
sources generally available for
road engineering and the very
large number of roads, priority
must be given to the specific
countermeasures and settings

with the greatest potential for
crash prevention. 

Highly effective countermea-
sures include single-lane round-
abouts, sidewalks, exclusive
pedestrian signal phasing, pedes-
trian refuge islands, and in-
creased intensity of roadway
lighting. Other countermeasures,
including advance stop lines, in-
pavement flashing lights, and au-
tomatic pedestrian detection at
walk signals, are promising but
have been evaluated on a more
limited basis. In the case of many
traffic engineering measures,
more definitive research is
needed to establish their effects
on pedestrian–vehicle crash
risks.
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New Roads and Human Health: A Systematic Review
| Matt Egan, MPhil, PhD, Mark Petticrew, PhD, David Ogilvie, MPH, MFPHM, and Val Hamilton, DipLib, MLittWe sought to synthesize ev-

idence of the health effects of
construction of new roads by
systematically reviewing obser-
vational studies of such effects.
We included and critically ap-
praised 32 studies.

The review suggested that
out-of-town bypasses decrease
injuries on main roads through
or around towns, although more
robust evidence is needed on
effects on secondary roads.
New major urban roads have
statistically insignificant effects
on injury incidence. New major
roads between towns decrease
injuries. Out-of-town bypasses
reduce disturbance and com-
munity severance in towns but
increase them elsewhere. Major
urban roads increase distur-
bance and severance. 

More robust research is
needed in this area, particularly
regarding effects of new roads
on respiratory health, mental
health, access to health ser-
vices, and physical activity. (Am
J Public Health. 2003;93:
1463–1471)

TRANSPORTATION IS AN
important determinant of
health,1–3 but the World Health
Organization (WHO) has recently
expressed concern that the im-
portance of a healthy transporta-
tion policy has not been fully rec-
ognized. WHO specifically refers
to the issue of road travel, stating
that “reliance on motorized trans-
port, in particular road transport,
continues to increase, resulting in
adverse environmental and
health effects.”1(p3) These com-
ments reflect a general emphasis
in public health research on neg-
ative effects associated with mo-
torized road vehicles.4–9

The United States stands out
as a nation where the health and
well-being of individuals and
communities are said to have
been adversely affected by de-
pendence on the automobile.4

Rates of automobile ownership

and use in America have long
exceeded those found in any
other country, while public trans-
port use and walking have been
in decline since at least the late
1960s.10 A range of public
health and environmental con-
cerns have been associated with
these trends, including smog,
urban sprawl, a rising prevalence
of obesity, and their associated
health problems.11 Furthermore,
between 1970 and 1995, 1.2
million people died on America’s
roads.12

Although rates of automobile
ownership are particularly high
in the United States,4 the health
concerns associated with motor-
ized road travel are shared by
countries across the globe, and
the Red Cross has predicted that
by 2020 injuries related to traffic
will be the world’s third largest
cause of death and disability.13

Road construction and automo-
bile dependency have also been
associated with community sev-
erance (i.e., reduced access to
local amenities and disruption of
social networks caused by a
physical barrier running through
the community), increased “dis-
turbance” among residents (e.g.,
noise, vibration, fumes), and so-
cial inequalities.8,14–17

In such circumstances, it is lit-
tle wonder that the building of
new roads is often contentious.
Yet roads fulfill a fundamental
role within local and national in-
frastructures, and the motorized
vehicles that use them can confer
benefits in terms of mobility and
convenience on substantial sec-
tions of a population.18 In his
well-known study of residential
streets in San Francisco, Donald
Appleyard summed up the para-
dox implicit in the relationship


